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Objective: To develop best-practice recommendations us-
ing thermal indices to determine work-to-rest ratios and facilitate
further implementation of environmental monitoring for heat
safety in secondary school athletics in the United States.

Data Sources: A narrative review of the current literature on
environmental monitoring for heat safety during athletics was
conducted by content experts. A list of action-oriented recom-
mendations was established from the narrative review and
further refined using the Delphi method.

Conclusions: Assessment of wet bulb globe temperature at
the site of activity and throughout the duration of the event is
recommended to assist clinicians and administrators in making
appropriate decisions regarding the duration and frequency of
activity and rest periods. Activity-modification guidelines should

be predetermined and approved by stakeholders and should
outline specific actions to be followed, such as the work-to-rest
ratio, frequency and timing of hydration breaks, and adjustment
of total exercise duration, equipment, and clothing. Furthermore,
integration of exertional heat illness injury data with environ-
mental condition characteristics is critical for the development of
evidence-based heat safety guidelines for secondary school
athletics. Athletic trainers play an essential role in conducting
prospective injury data collection, recording onsite wet bulb
globe temperature levels, and implementing recommendations
to protect the health and safety of athletes.

Key Words: wet bulb globe temperature, activity-modifica-
tion guidelines, exertional heat illness, exertional heat stroke

E
xertional heat stroke (EHS) continues to be one of
the leading causes of death in sport and physical
activity in the United States, including at the

secondary school level.1 Authors of prior position state-
ments2–5 have provided evidence-based recommendations
on EHS prevention. In these position statements, environ-
mental conditions were noted as a common risk factor for
EHS in athletics, and the recommendation to monitor
environmental conditions was made. However, few re-
searchers have synthesized the scientific background and
current literature that support this recommendation in order
to facilitate its implementation.

On May 28, 2019, a multidisciplinary group of content
experts gathered in Orlando, Florida, for a roundtable
meeting to discuss preseason heat safety for the secondary
school student-athlete. In total, 33 participants were

purposefully selected and invited by the cochairs to provide
a multidisciplinary representation of individuals (1) with
expertise in the proper management and care of patients
with exertional heat illness (EHI); (2) who were clinicians
actively providing care to secondary school student-
athletes; and (3) with expertise in the realms of biomete-
orology, thermal physiology, and epidemiology. Roundta-
ble participants comprised clinically practicing secondary
school athletic trainers (ATs; n ¼ 7), sports medicine
physicians (n ¼ 5), emergency room physician (n ¼ 1),
scientists with expertise in the management and care of
EHS (n ¼ 12), and scientists with expertise in biometeo-
rology (n ¼ 2), thermal physiology (n ¼ 5), and
epidemiology (n ¼ 1). Among the attendees, a working
group was convened to draft the current document, which
aims to develop best-practice recommendations on the use
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of thermal indices and environmental monitoring to
determine work-to-rest ratios and facilitate further imple-
mentation of environmental monitoring during activity in
the heat. The group members were selected from the
roundtable attendees based on their scholarly work in the
areas of environmental monitoring, thermal physiology,
and EHS prevention. The working group comprised 12
roundtable participants: a sports medicine physician (n¼ 1)
and scientists with expertise in the management and care of
EHS (n ¼ 6), biometeorology (n ¼ 2), and thermal
physiology (n ¼ 3).

METHODS

To establish consensus, we used the Delphi method,
which allows for the unbiased aggregation of expert
opinion among stakeholders.6 To align with current best
practices for using the Delphi method, we implemented a 2-
phase approach consisting of exploration and evaluation
phases. Each phase is described in the next sections.

Exploration Phase

During the exploration phase, an internal working group
of content experts (n¼ 12) conducted a narrative review of
the key topics pertaining to environmental monitoring for
heat safety during athletics: (1) human heat balance, (2)
methods of environmental monitoring for heat safety during
activity, (3) activity-modification guidelines (AMGs), (4)
practical applications and considerations, and (5) use of
injury-surveillance data to determine activity-modification
thresholds. Each topic was reviewed by content experts,
and the narrative review served as the foundation for the
action-oriented recommendations.

Evaluation Phase

On completion of the exploration phase, the internal
working group prepared action-oriented recommendations
for environmental monitoring to be implemented within the
secondary school athletics setting. After a preliminary
review by the internal working group, the recommendations
were modified as necessary to ensure appropriateness and
clarity. Members of the multidisciplinary group who
attended the roundtable were then emailed a link to an
anonymous online survey (Qualtrics) for scoring the
recommendations.

Roundtable members scored each recommendation by
drawing on their own expertise and background in the
context of validity, feasibility, and clarity.6 The intent of
assessing the recommendations based on these 3 constructs
was to provide meeting attendees the opportunity to draw on
their experiences, knowledge, background, and training in
order to critically appraise the recommendations and supply
objective assessments of the suitability of the recommenda-
tions for the target audience (ie, those involved in secondary
school athletics). Validity was operationally defined as
whether the recommendation was substantiated based on
current data, theory, literature, or other scientific evidence.
Feasibility was operationally defined as whether it was
realistic to expect individuals or campuses to implement the
recommendation, keeping in mind the widely varying
resources and competing demands that individuals and
institutions may face. Clarity was operationally defined as

whether the recommendation was clear and easily under-
stood. Scores used a 9-point scale; higher scores depicted a
recommendation as being more valid, feasible, or clear.
Roundtable members were also given the opportunity to
provide written comments on each recommendation, which
allowed them to draw on their expertise and experiences to
add support to their scores. This approach, which is
recommended for the Delphi process, provides content
experts with a systematic way of solving complex problems
and allows for each expert’s contributions, objective
assessment of the expert group’s thoughts or opinions, and
reappraisal and assessment of prior contributions while
minimizing bias among contributing experts.6

After each recommendation was scored, we calculated
the mean of each dimension (ie, validity, feasibility, clarity)
using a previously published approach.7 The response rate
for scoring of the online survey was 100% (N ¼ 32/32).
Any recommendation with a mean score of ,3 on any
dimension was discarded, and any recommendation with a
mean score of �7 on a dimension was retained in the final
version. Recommendations with a mean score of 4, 5, or 6
were revisited for revision.8 Written comments were
reviewed by the internal working group and modifications
were based on these comments. Once the final modifica-
tions were made, roundtable members anonymously scored
the revised recommendations using the same criteria as in
the first round. Scores of the modified recommendations
were analyzed, and those items that were deemed valid,
feasible, and clear were included in the final product. The
response rate for the second round of scoring of the online
survey was 81.3% (n ¼ 26/32). For any recommendations
that scored 4, 5, or 6 on any dimension after the second
round of scoring, 4 roundtable members (Y.H., W.M.A.,
D.J.C., J.K.V.) discussed potential modifications to the
recommendation until a consensus was reached.

A comprehensive set of recommendations was then
produced. For further assessment of each recommendation
retained in the final list, the strength of the recommendation
was determined using the Strength of Recommendation
Taxonomy (SORT), which is a well-established tool for
grading evidence in the medical literature.9

NARRATIVE REVIEW

Human Heat Balance

Heat strain is the challenge of heat imposed on the body by
external heat sources and metabolic heat created by the body.
Thus, heat strain depends on the combined effects of (1) air
temperature, (2) humidity, (3) wind flow, and (4) radiative
loads, as well as the behavioral factors of metabolic activity
(eg, exercise intensity, exercise duration) and clothing
(Figure).10 The most effective way for humans to dissipate
heat is via sweat evaporation.11 When vapor pressure is
greater at the skin (Psk) than in the air (Pa), sweat evaporation
is facilitated.12 When this cooling system is challenged by
increasing values of Pa, however, evaporative cooling is
inhibited.12 In these situations, heat storage and the resulting
core temperature increase unless other means of cooling, such
as conduction or convection, can be facilitated. To promote
evaporative and convective heat loss, peripheral blood flow is
maximized during exercise, shunting blood away from the
internal organs.13 This redistribution of blood allows for
perfusion of the sweat glands and evaporative heat loss. Heat
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is also lost via convection, which is maximized when the
skin-to-air temperature difference is high. Convective heat
loss is compromised when the temperature of the air rises
above that of skin.11 Furthermore, both evaporative and
convective heat dissipation are compromised when personal
protective equipment and specific work uniforms (eg,
American football uniform; nuclear, biological and chemical
protective clothing; firefighting ensembles; military ensem-
bles) must be worn during activity in hot weather.5 Protective
equipment and uniforms typically create a microenvironment
in which heat and moisture are trapped between the clothing
and skin, limiting heat losses from the skin surface. When
protective equipment is required, modifications of exercise
and the amount of equipment worn may be needed to adjust
exercise heat stress.10

When heat balance remains in equilibrium during a bout
of exercise or physical activity in a certain environment, the
imposed heat strain is termed compensable, whereby the
individual is able to complete a particular amount of work
in a specific environment without the risk of EHI.10,11 If the
environmental conditions or exercise intensity increase, the
combination then results in uncompensable heat stress and
an inevitable rise in core temperature, potentially to
dangerous levels, unless accommodations are implement-
ed.10,11 Therefore, the goal for clinicians caring for athletes
under heat stress is to monitor environmental conditions
and estimate workloads to maintain a compensable
condition so that safety is maximized.

Methods of Environmental Monitoring for Heat Safety
During Activity

Outdoor environmental factors, particularly wind speed
and solar radiation, may vary greatly across space and time.

Unfortunately, due to the limited availability of adequate
weather instruments or sensors, most researchers of EHI
and heat health rely on data from nearby weather stations,
which may overestimate or underestimate the actual
microclimate conditions that the athlete is experienc-
ing.14–18 These misestimations are due to different surface
types (eg, grass, turf, asphalt), sheltering, and anthropo-
genic heating, all of which can affect the overall
temperature, wind speed, humidity, and radiant load at
the site.19 Differences in apparent environmental conditions
onsite may also arise due to the use of instruments that have
low levels of precision or accuracy or are uncalibrated.

Although the 4 main environmental heat stress vari-
ables—air temperature, humidity, wind, and mean radiation
loads (or mean radiant temperature)—can be monitored
separately via simple and relatively inexpensive instru-
ments, the integration of these variables into a simple heat
stress metric to aid in decision making has historically
received attention. The most prominent example for use in
activity modification is the wet bulb globe temperature
(WBGT).20 Heat stress metrics are used to assess and
predict heat strain; an ideal heat stress assessment considers
all aspects of heat generation and all body-environment
heat exchange pathways.21 Heat stress metrics provide a
single value along a continuous scale that indicates neutral
to dangerous conditions. These metrics can generally be
categorized from the simplest to the most complex: a direct
metric is simple and does not assess physiological
responses, whereas an empirical metric uses observed
statistical relationships in physiological responses to
environment and activity, and a rational metric applies
human heat balance principles.20–25 In the United States,
WBGT and heat index are the most widely used heat stress
metrics. The WBGT is a direct index that was developed by
the US Marine Corps under dangerously hot and humid
conditions and incorporates influences from air tempera-
ture, humidity, wind, and radiation loads.26 It is derived
from the following equation: WBGT ¼ 0.7Tw þ 0.2Tg þ
0.1T, where Tw is the wet bulb temperature, Tg is the globe
temperature, and T is the ambient temperature. In contrast,
the heat index is a basic rational index that is simplified
from its original version (apparent temperature) and derived
from only air temperature and humidity.27 Although the
heat index requires fewer variables to compute, it assumes a
person is engaged in low-intensity activity in light-fitting
clothing while in the shade and experiencing constant
wind,28 making it inadequate for the majority of athletic
events that occur in sunlit conditions.

Spatial or Temporal Scales and Instrument
Considerations

When considering heat stress and heat strain predictions
for a given location and sport activity, we must balance
simplicity and accuracy, as well as provide real-time,
informative, and actionable data to end users (eg, ATs and
athletic directors). In general, standardized instrumentation
and measurement procedures that meet these requirements
for balance are lacking.29,30 Spatially, when addressing the
use of a local weather station versus on-field or court
measurements, research is required to determine which
environmental conditions (depending on the design,
surface, trees, and stadium19) may cause a misclassification

Figure. Heat strain at a given exercise intensity depends on heat
exchange with the external environment (convection, radiation,
evaporation), which is influenced by air temperature, radiative
loads, wind flow, humidity, and insulation from clothing.
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of activity modification when nearby data, instead of on-
field data, are used.31 Temporally, sensors are needed to
provide user-defined moving averages (eg, integrated
across 15-minute intervals) of steady and clinically
meaningful exposure conditions as opposed to instanta-
neous fluctuations across thresholds, which can confuse
decision making and may lead to unnecessary adjustments
to activity.

What Level of Accuracy is Needed to Make Clinical

Decisions?

Accurate meteorologic sensors for determining the
WBGT are critical for heat safety decisions, given the
important variations that can occur among commonly used
sensors.32 Standardized sensors should display significant
agreement with the International Organization for Stan-
dardization33 criteria for each WBGT component. Ensuring
that the individual sensors are calibrated according to the
manufacturer’s specifications for effective decision making
is also important. Further clinical testing, modeling, or both
are needed to determine the relationship between sensor
error for each variable and its relevance to human heat
balance, which may also be influenced by the climate type
(eg, dry or humid).34

Corrections Across Climate Types

In environmental physiology, low-wind, high-humidity
conditions in warm environments are known to restrict
evaporative cooling and lead to discomfort. Conversely, hot
and dry conditions, which allow largely free evaporative
cooling, may have deleterious effects when air temperature
rises near or above skin temperature, no vapor is on the
skin, or both. These factors are often worsened by athletic
clothing.35 However, assumptions about the most widely
used heat stress metric—the WBGT—are applied univer-
sally without considering humid versus dry climates. This
may be inappropriate, given that environmental conditions
yielding the same WBGT value from various combinations
of air temperature, wind speed, relative humidity, and solar
radiation may result in different physiological respons-
es.20,36,37 The findings of both laboratory and field
studies20,34,36,37 suggested that, for a given WBGT, heat
stress may be greater in warm-humid than in hot-dry
climate conditions. Thus, the WBGT may overestimate the
heat stress risk in hot and dry environments but underes-
timate it when sweat evaporation is restricted20; however,
further testing is needed. Corrections to the WBGT for both
situations have been proposed by Gonzalez38 but have yet
to be implemented. Such corrections have been proposed
for consideration in recent consensus recommendations.39,40

In general, given the current literature and the fact that the
WBGT is an environmental heat stress metric, which is a
first approximation of heat stress, it is not a representation
of human heat strain,39 and thus, we must adjust the WBGT
measurement for proper use in hot and dry conditions. This
process may involve adjusting the weighting of the
coefficients in the WBGT equation or altering the threshold
values in different climate types. Such adjustments will
require that empirical assessments be performed in hot and
dry climates.

Activity-Modification Guidelines

Activity Modifications and Cancellations. Various
international and national medical and sports associations
have established WBGT-based AMGs to help direct
athletes, clinicians, and sporting event organizers to modify
physical activity by changing exercise duration, exercise
intensity, clothing ensembles, and frequency of rest and
hydration breaks.4,5,41–47 These AMGs also set thresholds
for activity cancellation, which range from 288C to 348C
WBGT depending on the target population, geographic
region, and type of activity (eg, practice, competition,
endurance race). For example, the International Institute for
Race Medicine41 set .288C as the cancellation threshold
for endurance race events, whereas Australian tennis
officials43 set .348C as the cancellation threshold for
competitions. These differences are influenced by the mode
and type of exercise: sustained, high-intensity exercise such
as road race running warrants relatively lower thresholds,
and geographic climate patterns are unique to their activity
context. For example, a threshold lower than this value in
Australian tennis may result in cancellation of most
competitions. These cancellation thresholds are generally
already taken into account for mass-participation events
and games that attract many spectators.

In addition to cancellation thresholds, AMGs generally
contain 3 or 4 levels of risk categories that guide coaches
and clinicians when to modify the duration, intensity,
equipment worn during activity, or all of these (Table
1).4,5,42 Traditionally, WBGT thresholds and activity
modifications for risk categories have been established by
consensus among experts in thermal physiology and
military medicine.14,48 In recent years, authors15–17 have
retrospectively examined the correlation between these risk
categories and the incidence of exertional heat-related
injuries and fatalities in the United States. Findings from
these studies confirmed a heightened risk of EHS episodes
and fatalities when the risk category indicated the need for
event cancellation17 and an increased number of medical
tent evaluations due to EHS when conditions were in higher
risk categories.16 However, WBGT thresholds and the
prevalence of EHS fatalities vary geographically.15 Re-
searchers15,49,50 who assessed military and athlete popula-
tions advised that thresholds for AMGs be lower for those
acclimatized to cooler conditions. Furthermore, Hosokawa
et al16 found no association between WBGT risk categories
and the prevalence of heat exhaustion compared with EHS
during a summer road running race.

Implementation of AMGs. Although a generic descrip-
tion of risk categories (eg, exercise with discretion) may be
simple and easy to understand, more quantifiable and
actionable activity modifications (eg, provide �4 separate
rest breaks of �4 minutes per hour) may facilitate AMG
implementation. Detailed AMGs can also help eliminate
variability and inappropriate application of these recom-
mendations.4 For example, the Georgia High School
Association developed an AMG that lists specific work-
to-rest ratios by different WBGT risk categories and
supplies instructions for equipment modifications for
American football.14 The association based its risk
categories and recommendations on epidemiologic data of
EHIs in Georgia high school athletes and local weather
patterns, which makes the AMG practical for its particular
setting.51
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Examples of implementation strategies for competition-
specific activity modification in amateur and school-
organized sports are scarce. At the professional level, if
the WBGT exceeds 328C, the Fédération de Football
Association mandates 3-minute cooling breaks at the 30th
and 75th minute of the game.52 These breaks are
implemented by the referee on the pitch, which is a unique
example of an AMG specific to competition.

Practical Application and Considerations

When drafting policies and procedures for performing
environmental assessments in the field, a number of
practical variables should be considered: the height and
position of the WBGT monitor, placement of the monitor in
similar environmental conditions as the activity, and
reading the WBGT at predetermined time intervals.32

Onsite weather assessments are preferred over the use of
a mobile phone application or distant weather station data,
as these values do not always reflect local microclimate
conditions. If a limited number of monitoring devices is
available, institutional policy should document specific
communication procedures for those supervising activity
away from the assessment site. In addition, WBGT
monitors should be turned on and exposed to the current
environmental conditions at least 15 minutes before (or per
the manufacturer’s recommendations) the start of activity to
allow the instrument to equilibrate to atmospheric condi-
tions.51,53–55 Furthermore, it may be prudent for ATs,
coaches, and athletic directors to establish a rule for sharing
the instrument, the data, or both among various athletic
facilities when certain locations are exposed to higher
environmental heat. Preseason discussions can help mini-
mize the need to conduct practices under high-risk
conditions because locations with optimal playing condi-
tions are limited. It may also allow for proactive
adjustments to practice locations and times.

Location of Environmental Monitoring. The standard
practice for heat stress monitoring is to conduct the
assessment at the site of activity. For example, in 2
studies51,53 in which the authors investigated EHI rates
among interscholastic and intercollegiate American football
participants, WBGT measurements were taken adjacent to
the practice field and at a height of 0.9 m (3 ft), thus
capturing the most representative microclimate conditions
experienced by the athletes. Cheuvront et al31 measured
WBGT at 3 locations along the race course during the
Boston Marathon. The measurement differences were not
significant, and therefore, the practice of taking the

environmental assessment at 1 location along the course
was supported.31 Consequently, in settings where multiple
adjacent sporting fields are hosting athletic events simul-
taneously, it may be feasible to reduce the number of
monitoring sites. However, similar environmental condi-
tions that result in the same heat risk category between
fields or courts should first be confirmed and documented
for hot and sunny days. Santee et al56 suggested that
micrometeorologic assessments be taken at the approximate
torso height of the participants (1.2 m) for accurate thermal
assessment. Still, assessments should be taken at the height
recommended by the manufacturer. It is important to note
that measurements taken at a regional weather station,
while convenient, do not necessarily represent local
conditions for the 3 variables used to compute the WBGT
(see earlier section, ‘‘Spatial or Temporal Scales and
Instrument Considerations’’)19,57; if regional values are
used, wind speed must be adjusted for human height in the
WBGT algorithm, because it is often set at a height of 10
m.

Frequency of WBGT Measurements. During prolonged
activity, environmental conditions may change, so policies
should address the frequency of assessing WBGT onsite.
Such changes in the environmental conditions, particularly
wind speed and solar radiation, lead to fluctuating WBGT
values, which can cause difficulty in determining activity
modifications based on an institution’s policy. Although
few researchers have evaluated the effect of frequency on
WBGT measures, the ideal frequency of WBGT measure-
ments has been examined. In 2 studies51,53 of EHI rates
among interscholastic and intercollegiate American football
participants, WBGT measurements were taken at 15-minute
intervals during practice, whereas another group54 took
measurements at the beginning, middle, and end of the
practice session. Differences in the timing of measurements
in these studies were mostly influenced by logistical
considerations; fixed interval measurements were only
practical when devices with automated recording features
were available. A realistic number of measurements taken
manually (ie, designated personnel reading and recording
WBGT measurements) was limited to the beginning,
middle, and end of the practice session. Further, Kopec58

evaluated WBGT measurements based on different land
surfaces. A significant time lag in WBGT values was noted,
especially when the black globe measurements were
affected by changes in cloud cover due to the time required
for the globe temperature to reach a steady state.
Additionally, changes in wind speed can lead to fluctuating
WBGT values. The author suggested averaging WBGT

Table 1. Examples of Incremental Activity Intensity, Duration, Equipment, and Work-to-Rest Ratio Modifications for Exercise in the Heata

Level Intensity Duration Equipment Work-to-Rest Ratio (Total Rest, min/h)

1 No restriction No restriction No restriction 5 : 1 (10)

2 Allow self-pacing Maximum of 2-h activity Remove protective equipment

during breaks

4 : 1–3 : 1 (12–15)

3 Relatively low-intensity exercise Maximum of 2-h activity with

increased rest breaks

No protective equipment during

conditioning or practice

2 : 1–1 : 1 (20–30)

4 Walk through, no conditioning Maximum of 1-h activity No protective equipment Work , rest (continuous heat

exposure should not exceed 30 min)

5 Cancel activity Cancel activity NA Cancel activity

Abbreviation: NA, not applicable.
a Modified from Hosokawa et al.67
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values over a 30-minute period (ie, relying on a rolling
average of the previous 30 minutes) before modifying
activity intensity.58 This recommendation is particularly
important when WBGT values are near the highest
threshold of the index, warranting cancellation or signifi-
cant modification of the activity. Based on the available
evidence, we suggest that clinicians assess and record
WBGT at intervals of �30 minutes to reflect atmospheric
variations59 and include this guideline in practice policies.
When assessing WBGT this frequently is impractical, we
advise taking WBGT readings at �60 minutes, a standard
already implemented by the Georgia High School Associ-
ation.47 Measurement intervals .60 minutes are considered
too long because sustained, high-intensity exercise lasting
30 to 60 minutes in warm weather can result in EHS.16 We
believe that taking measurements every 30 minutes is not
unduly burdensome with the use of technology such as a
monitoring device that can automatically record and
transfer readings to a smartphone or a tablet to minimize
the physical effort. A simpler method, such as designating a
staff member (eg, team manager or assistant coach) to take
periodic readings of the environmental conditions and
report back to the AT should also be considered so that
activity-modification decisions can be made without
interfering with other clinical responsibilities. When
consecutive measures cross different AMG categories,
clinicians should follow the recommendations of the higher
risk category.

Special Considerations for Monitoring WBGT During
Competition. Apart from road race events, few to no
clinical data support the monitoring of WBGT values
during competitions, unlike during practice sessions, or
endorse creating policies for monitoring WBGT during
competition.15,60 This lack of data may be due to numerous
epidemiologic studies of EHI rates during practice sessions
yet few that involved monitoring EHI rates during
competitions.47,53,55,61 The rationalization was that partici-
pants in team sports were exposed to far longer periods of
environmental stress and metabolic loads during practice
sessions, when there were longer periods of activity
between rest breaks than seen during competitions.
However, in team sports with limited substitutions (eg,
soccer), athletes who play the full match may have many
fewer opportunities for rest breaks than during traditional
practice sessions. Therefore, it is prudent to monitor WBGT
during competitions, especially when they are held at peak
times throughout the day or during atypically high WBGT
conditions. This can help establish AMGs such as event-
cancellation thresholds41,43 and inform policies regarding
increased hydration breaks.44

Sport-governing organizations or institutions should take
the lead in establishing AMGs for participating teams, yet
ATs play a key role in ensuring that these guidelines are
implemented on the field. To facilitate AMG implementa-
tion, ATs are advised to discuss activity-modification plans
with coaches, referees, or both before athletic events or
during the medical time out. Consequently, to make
informed decisions about activity modifications, ATs
should set up the WBGT device 30 minutes before the
athletic event, thereby allowing ample time (�15 minutes)
for the device to equilibrate to the environment while
leaving time for the staff discussion.

Use of Injury-Surveillance Data to Determine Activity-
Modification Thresholds

The athletic training and sports medicine communities
have recognized the importance of population-based
investigations in developing injury-prevention strategies,
including modifications during extreme heat.62,63 A variety
of databases have been developed and refined to improve
the surveillance of sport-related injuries and injury rates
among athletes (eg, National Center for Catastrophic Injury
Research, National Collegiate Athletic Association Injury
Surveillance System, National High School Sports-Related
Injury Surveillance System). These databases have aided
researchers in identifying the leading causes of sudden
death in sports and, in particular, the sports with heat
exposure as a key risk factor.3,64 Limitations exist in the
standardization and geolocation of EHIs across the country
due to deidentification of case information. Nevertheless,
such data are needed to elucidate the geographic and
climatologic nature of EHIs for more appropriate regional
recommendations.

Recognizing the hazard posed by heat exposure in
secondary school and collegiate American football players,
multiple authors18,51,53–55,65,66,68 have attempted to under-
stand the relationship of environmental heat, EHI rates, and
acclimatization among athletic populations of various ages
and apply this knowledge to actionable injury prevention.
Various data are required when developing policies for EHI
(Table 2). Most commonly, onsite measurements of WBGT
are collected throughout practices to better prevent heat
stress.53–55 In addition, data relevant to the practice session,
such as length and intensity, should be collected. Finally,
the specific type of EHI (ie, exercise-associated muscle
cramps, heat syncope, heat exhaustion, heat injury, or EHS)
should be identified and documented by trained medical
professionals. For cases of EHS, individual athlete
characteristics, such as position, body mass index, preex-

Table 2. Useful Variables to Record for Determinung the

Association Between Meteorologic Conditions and Exertional Heat

Illness (EHI) Incidence in Athleticsa

Variables recorded daily

Sport type (continuous or noncontinuous)

Date and start time of exercise session

Weather conditions (eg, wet bulb globe temperature)

Number of participants per session

Exercise duration

Relative exercise intensity (low, moderate, high)

Clothing or equipment configuration

Variables recorded per EHI incident

EHI typeb (eg, exercise-associated muscle cramps, heat syncope,

heat exhaustion, heat injury, exertional heat stroke)

Age, sex

Field position (eg, offense, defense, goalkeeper)

History of recent illness and EHI

Use of medications or supplements

Patient body mass and body composition

Heat-acclimatization status (ie, completed .10 d of organized

practice in heat within last 3 mo)

a EHI incidence rate can be computed as the number of EHI
incidents or total athlete-exposures. Incidence rates may be
computed for each EHI type.

b Modified from Casa et al.4
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isting illnesses or conditions, and use of medications or
supplements should also be documented.4,17 As these data
are accumulated, sports injury epidemiologists and clini-
cians should test the associations between environmental
heat risk categories and incidence rates of heat-related
injuries so that more refined, evidence-driven policies can
be established. Additionally, the validity of AMG thresh-
olds should be reviewed in consultation with biometeorol-
ogy and meteorology specialists to examine the influence of
geographic and regional climatologic characteristics.

CONSENSUS PROCESS AND RESULTS

Our expert consensus on environmental monitoring for
heat safety during activity is summarized in Table 3. After
2 rounds of the review process, all of the recommendations
in Table 3 scored 7 or more (out of 9) for validity,
feasibility, and clarity. One recommendation was removed
due to a low feasibility score (6.69). The final recommen-
dations encompassed 4 domains: (1) WBGT measurement
methods (recommendations 1–4), (2) the contents of AMGs

Table 3. Consensus on Current Expert Recommendations

Regarding Environmental Monitoring for Heat Safety During

Activity

Recommendation

Strength of

Recommendation

Taxonomy9

1. Heat stress monitoring should be conducted

onsite at a location that representats all

playing surfaces (ie, over similar surface

and in an open location that is not

influenced by surrounding buildings).

B

2. The WBGT measurements should be taken

at the activity location with an environmental

monitor designed to measure WBGT at a

height of 0.9–1.2 m (3–4 ft) from the playing

surface. If limited monitoring sites or devices

are available, institutional policy should

document specific communication

procedures for those supervising activity

remote from WBGT assessment site(s).

C

3. The WBGT measurement devices should

remain exposed to the environment before

activity per manufacturer’s recommendations

or �15 min.

B

4. The WBGT measurements should be taken

at intervals (frequency of recording) �30 min

for the duration of the athletic activity.

C

5. The AMGs should outline specific actions

(eg, work-to-rest ratio, frequency and timing

of hydration breaks, adjustment of total

exercise duration, equipment adjustment)

and be mandated for all athletic training and

competitions.

C

6. The AMG thresholds should be established

based on geographic and regional

climatologic characteristics.

B

7. State athletic associations should develop

and implement environmentally based

AMGs that outline specific event

modifications and cancellation policies.

These guidelines should be developed by,

or in coordination with, the state’s sports

medicine advisory committee or appropriate

sports medicine professionals.

C

8. Institutions should develop and implement

policies and procedures detailing the

procedures for WBGT monitoring and AMGs

used for practices, conditioning sessions,

and competitions.

C

9. Before a competition, adequate time should

be allotted for a medical time out, which

includes a discussion of necessary

accommodations due to the environmental

heat (eg, additional hydration breaks,

alteration of competition timing and length)

with all decision makers onsite (eg,

coaches, athletic director, referees).

C

10. If an exertional heat illness occurs, the

athlete’s medical record should include

details surrounding the injury, such as

environmental conditions, time of year,

duration and type of activity (eg, conditioning,

scrimmage, skill practice), and physical

characteristics (eg, fitness, acclimatization

state, hydration state) to retrospectively

identify risk factors responsible.

B

Abbreviations: AMG, activity-modification guideline; WBGT, wet
bulb globe temperature.

Table 4. Consensus on Current Expert Recommendations for

Environmental Monitoring Procedures

Recommendation

Strength of

Recommendation

Taxonomy9

1. The environmental monitor used for

determining WBGT should measure air

temperature, wind speed, and black globe

temperature and either measure or compute

natural WBGT.

A

2. For each athletic field, a location for onsite

measurement that represents the field of play

should be identified. If a limited number of

measurement devices are available, a

location that represents all playing fields for

environmental monitoring through

comparisons on hot and sunny days should

be selected.

B

3. The environmental monitor should be set up

at a height of 0.9–1.2 m (3–4 ft) at least 30

min before practice or competition. This

allows the device to equilibrate in the first 15

min and leaves an additional 15 min for a

medical time out to discuss the

accommodation plan based on WBGT.

C

4. The athletic trainer, or other designated

personnel (eg, athletic director) if the athletic

trainer is not present, should discuss activity-

modification plans with coaches and referees

before practice or competition.

C

5. The WBGT measurements should be taken

at intervals of �30 min for the duration of the

practice or competition and activity modified

according to policy and procedures.a

C

6. If the risk categories of consecutive measures

frequently reflect different levels of activity

modification, the activity modification for the

higher risk category should be followed.

C

Abbreviation: WBGT, wet bulb globe temperature.
a When frequent WBGT assessment (ie, every 30 min) is

impractical, we suggest taking measurements at least every 60
min.
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(recommendations 5–7), (3) organizational considerations
for implementation (recommendations 8 and 9), and (4)
data collection (recommendation 10).

The expert consensus on environmental monitoring
procedures is summarized in Table 4. All of the procedures
listed in Table 4 achieved scores of 7 or more (out of 9) for
validity, feasibility, and clarity after the second round of
review.

Most of the guidelines in Tables 3 and 4 were classified
as Strength of Recommendation Taxonomy category C,
which is defined as a recommendation based on consensus,
usual practice, opinion, disease-oriented evidence, or a case
series for studies of diagnosis, treatment, prevention, or
screening.9 This is mainly due to the lack of randomized
controlled trial research and prospective cohort studies in
the topic area. This lack of studies is an inherent limitation
commonly observed in EHS research, as it is not ethically
permissible to require participants to experience EHS. To
strengthen the current recommendations in the future, more
retrospective cohort studies and case series with high-
quality data (Table 2) are warranted to synthesize
observations from various settings.

CONCLUSIONS

Limited studies are available to establish evidence-based
methods of environmental monitoring for heat safety in
secondary school athletics. However, the findings of
existing observational studies about EHI and research in
thermoregulation and biometeorology elucidate key con-
siderations for ensuring athlete safety during activities in
the heat. Continued efforts to encourage ATs to conduct
prospective injury data collection and record onsite WBGT
measurements using a standardized method are needed to
facilitate the development of evidence-based heat safety
guidelines for secondary school athletics.
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